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Abstract
Purpose: Throughout COVID-19, our clinic remained operational for patients requiring urgent fertility preserva-
tion (FP). This study aimed to characterize changes to clinical protocols during the first wave of COVID-19 and
compare outcomes to historical controls.
Methods: We performed a retrospective cohort study at a university fertility center examining all patients
who underwent medically indicated FP cycles during the American Society for Reproductive Medicine
(ASRM) COVID-19 Task Force-recommended suspension of fertility treatment (March 17–May 11, 2020) and pa-
tients from the same time period in 2019. FP care was modified for safety during the first wave of COVID-19 with
fewer monitoring visits and infection control measures. FP cycle characteristics and outcomes were compared
across years.
Results: The volume of cycles was nearly 30% higher in 2020 versus 2019 (27 vs. 19). Diagnoses, age,
and anti-Mullerian hormone were similar between cohorts. More patients elected to pursue embryo cryo-
preservation over oocyte cryopreservation in 2020 versus 2019 (45.8% vs. 5.2%, p < 0.005). Patients managed
during COVID-19 had fewer monitoring visits (5 – 1 vs. 6 – 1, p = 0.02), and 37.5% of cycles utilized a blind
trigger injection. There was no difference in total days of ovarian stimulation (11 – 1 vs. 11 – 2, p > 0.05), but
2020 cycles utilized more gonadotropin (4770 – 1480 vs. 3846 – 1438, p = 0.04). There was no difference in
total oocytes retrieved (19 – 14 vs. 22 – 12, p > 0.05) or mature oocytes vitrified (15 – 12 vs. 17 – 9, p > 0.05)
per cycle.
Conclusions: FP continued during COVID-19, and more cycles were completed in 2020 versus 2019. Despite
minimized monitoring, outcomes were optimal and equivalent to historical controls, suggesting FP care can
be adapted without compromising outcomes.
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Introduction
Fertility preservation (FP) is a critical part of compre-
hensive cancer care. More than 90,000 women under
the age of 45 are diagnosed with cancer each year,
and therapeutic advances have led to survival rates
>85% with an increased focus on long-term quality of
life.1,2 As these life-saving treatments often impact fer-
tility, FP can represent patients’ only opportunity for
autologous reproduction after definitive cancer treat-
ment.3 The American Society for Reproductive Medi-
cine (ASRM) and the American Society of Clinical
Oncology (ASCO) advise health care providers to re-
view FP with all eligible reproductive-aged patients to
ensure patients have the opportunity to pursue FP be-
fore definitive gonadotoxic therapy.4,5

Standard medical care was sharply disrupted in
March 2020 by the onset of the COVID-19 pandemic.
The SARS-CoV-2 virus spread rapidly worldwide in
just 3 months in early 2020, overwhelming hospital
systems across the world and leading to worldwide
shutdowns to prevent viral spread. By March 11,
2020, the World Health Organization had declared
COVID-19 a pandemic and suggested national gov-
ernments activate emergency mechanisms to control
the virus and divert resources and personal protec-
tive equipment (PPE) to frontline health care workers.6

While this led to necessary reallocation of resources in
the health care systems as COVID-19 spread, it also
created tremendous delays for basic medical care.

Given the exponential spread of the virus and its un-
known impact on reproduction and pregnancy, as well
as the need to divert resources and PPE, on March 17,
2020, the ASRM recommended suspension of new assis-
ted reproductive technology treatment cycles, including
intrauterine insemination, in vitro fertilization (IVF),
and embryo transfer.7 Importantly, the ASRM specified
that urgent fertility treatment for patients can and
should continue, allowing patients facing gonadotoxic
chemotherapy or other fertility-threatening medical in-
terventions the opportunity—as well as potential associ-
ated risks—to continue care despite the pandemic.

Because time between cancer diagnosis and therapy is
often limited, completion of FP requires prompt referral
and initiation of treatment. The standard of care for FP,
cryopreservation of oocytes and embryos, requires an
average of 10–12 days of injectable gonadotropins, 6–7
in-office monitoring visits, and an oocyte retrieval pro-
cedure under sedation. COVID-related closures had the
potential to create delays in care that would close pa-
tients’ already-narrow windows to pursue FP.

Our institution continued FP for those with fertility-
compromising conditions such as cancer, but as cancer
patients are at higher risk of serious morbidity or mortal-
ity from COVID-19,8 our FP approach was modified for
safety by minimizing in-office visits and monitoring. We
sought to characterize FP care during the initial COVID
outbreak and compare outcomes to historical controls.

Methods
We performed a retrospective cohort study of all med-
ically indicated FP cycles completed during ASRM’s
recommended treatment suspension period (March
17–May 11, 2020) compared with cycles from the same
time frame in 2019. All included patients had recently
been diagnosed with cancer or had another medical con-
dition requiring anticipated gonadotoxic treatment. This
study received approval from the Institutional Review
Board at Northwestern University (STU00212596).

Stimulation protocols
Controlled ovarian hyperstimulation (COH) was
performed using a gonadotropin-releasing hormone
(GnRH) antagonist protocol. The initial dose of go-
nadotropins (recombinant follicle-stimulating hormone
[FSH] and human menopausal gonadotropin; Folli-
stim, Merck; Gonal-F, EMD-Serono; and/or Menopur,
Ferring) were prescribed based on each patient’s age,
antral follicle count, and anti-Mullerian hormone
(AMH) levels.

Hormone levels (estradiol [E2], FSH, luteinizing hor-
mone [LH], and progesterone [P4]) and transvaginal ul-
trasound were used to determine menstrual cycle status
for each patient at the time of cycle start, and patients ini-
tiated care regardless of menstrual cycle timing. Gonado-
tropin dose was adjusted based on serum E2 levels and
follicle size. Our clinic’s standard protocol includes hor-
mone levels and transvaginal ultrasounds beginning
3 days after gonadotropin initiation, with follow-up vis-
its every 2 days or more frequently as clinically indicated.
GnRH antagonist (Ganirelix acetate, Organon; or Cetro-
tide, EMD-Serono) was administered when the lead fol-
licle was ‡13 mm and/or E2 was >300 pg/mL.

Final oocyte maturation was triggered using human
chorionic gonadotropin (hCG) and/or GnRH agonist
(leuprolide), with planned oocyte retrieval 36 hours
after trigger. Oocyte retrieval was performed through
transvaginal ultrasound-guided aspiration. Mature (meta-
phase II, MII) and immature (germinal vesicle) oocytes
were cryopreserved on the day of retrieval. MI oocytes
were kept in culture overnight and were vitrified the
following day if they reached MII stage.
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If embryo cryopreservation was planned, intracyto-
plasmic sperm injection or conventional insemination
was performed. Embryos were then either cryopre-
served at the two pronuclei (2PN) stage or were cul-
tured to blastocyst stage and then cryopreserved. In
our practice, cryopreservation at the 2PN stage is of-
fered to preserve the option of day 3 embryo transfer in
the future, if there is low overall yield with the goal to
maximize the number of cryopreserved embryos, or if
there are plans for future preimplantation genetic testing
for monogenic diseases (PGT-M). Otherwise, cryopres-
ervation at the blastocyst stage is preferred. If preimplan-
tation genetic testing for aneuploidy (PGT-A) was
desired, trophectoderm biopsy was performed before
vitrification on day 5 or 6.

COVID-19 modifications
During the 2020 COVID-19 pandemic surge described
in this study, office protocols were altered to limit pos-
sible COVID exposure to patients and staff and opti-
mize the use of available resources. As many consults
were scheduled through telehealth as possible, and ap-
pointments were consolidated where possible (for ex-
ample, starting a cycle on the same day as the initial
FP visit and baseline monitoring visit). Cycles were
initiated with the availability of anesthesia staff in
mind, given that anesthesia colleagues were required
for essential services, including intensive care units
and COVID-19 intubation teams.

Office-wide social distancing measures included sig-
nificant modifications to the waiting room, including
distance between chairs, Plexiglass dividers between re-
ception staff and patients, and markers indicating 6 ft
of distance between patients approaching the reception
desk. Morning monitoring was performed by appoint-
ment only, with no visitors allowed (except in the case
of a minor patient).

Sanitation protocols were used to ensure all rooms
and surfaces were cleansed thoroughly between
patients. Universal masking was employed, and all
staff wore N95 masks (when available) in patient-
facing areas and N95 masks and eye protection during
oocyte retrieval procedures. Staff physically present in
the office did not exceed one phlebotomist, one
nurse, one sonographer, one physician, anesthesia and
nursing staff present on retrieval days as needed, and
embryology staff present only as required for embryol-
ogy procedures.

Clinical decisions were made with the intention of
decreasing patients’ possible exposures to COVID-19,

and these decisions included blindly initiating the
GnRH antagonist, making treatment decisions with
fewer monitoring visits, and blindly initiating oocyte
maturation trigger.

If a patient did not meet clinical criteria for GnRH
antagonist initiation, but ultrasound confirmed follicle
sizes 11–12 mm with appropriate estradiol levels,
GnRH antagonists were initiated in the next 1–2 days
without additional confirmatory ultrasound. Patients
were then instructed to return when decisions would
be necessary regarding trigger timing. For patients
whose follicle sizes were not yet appropriate for oocyte
maturation trigger, but were anticipated to be appro-
priate in the subsequent 1–2 days, decisions were
made to trigger oocyte maturation without additional
confirmatory ultrasound or bloodwork.

Patient at high risk of ovarian hyperstimulation syn-
drome (OHSS) were monitored with greater frequency
as indicated. Clinical judgment was used to ensure suf-
ficient monitoring to achieve optimal patient outcomes
while decreasing possible exposures to COVID-19. All
decisions regarding oocyte maturation trigger were
made in conjunction with anesthesiology colleagues
to ensure anesthesiology availability for retrieval
given COVID-19 emergency coverage responsibilities.
SARS-CoV-2 NAT testing was performed for patients
initiating cycles after April 9, 2020, with tests per-
formed no >72 hours before retrieval.

Outcomes and statistical analysis
Outcomes from included cycles in 2020 were com-
pared with historical controls from the same time pe-
riod in 2019. We report demographic and clinical
characteristics, including the indications for FP. Out-
comes measured included the total number of visits, go-
nadotropin dose used, and the number of oocytes
retrieved.

Continuous variables were assessed for normality
using D’Agostino–Pearson test; parametric values were
compared using student’s t-test and nonparametric
variables were compared using Mann–Whitney U test.
Categorical variables were compared using Fisher’s
exact test. The results were adjusted for age, body
mass index (BMI), AMH level, and antral follicle
count with multiple linear regression. A p-value <0.05
was considered statistically significant. Results are
reported as mean – standard deviation, median
(range), or percent (%) where appropriate. GraphPad
Prism (version 8.0.0 for Mac; GraphPad Software, San
Diego, CA) was used for statistical analysis.
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Results
During the first wave of the COVID-19 pandemic in
2020, our center initiated 27 urgent FP cycles for 24 pa-
tients. As recommended by ASRM, all other nonurgent
fertility treatment cycles were suspended. During this
time period, three cycles were cancelled for acutely
decompensating lymphoma, no response to gonado-
tropins in a patient with severely diminished ovarian
reserve following prior chemotherapy, and symptom-
atic COVID-19, respectively. These cycles were ex-
cluded from analysis. During the same time period in
2019, 19 cycles were initiated for 19 patients, with no
cycles cancelled. External referrals accounted for eight
cycles in 2020 (33.3%) and four cycles in 2019 (21.1%,
p > 0.05).

Baseline characteristics of the patients in 2020 and
2019 are presented in Table 1. Four (4/21 [19.0%]) pa-
tients in 2020 had their first visit through telehealth,
and no patients in 2019 were seen by telehealth ( p >
0.05). Insurance plans were similar across cohorts. In
2020, 3/24 (12.5%) cycles were publicly insured by
Medicaid compared with 3/19 (15.8%) cycles in 2019
( p > 0.05). There were no differences between age and
baseline AMH levels between groups. A similar num-
ber of patients had partners in both 2020 and 2019
(13/21 [61.9%] vs. 8/19 [42.1%], p = 0.34).

Medical diagnoses and indications for urgent FP in
2020 and 2019 were similarly divided between breast
cancer (7/24 [29.2%] vs. 7/19 [36.8%]), leukemia and
lymphoma (7/24 [29.2%] vs. 5/19 [26.3%]), and other
diseases (10/24 [41.6%] vs. 7/19 [36.8%]) ( p > 0.05).
Six of the patients with breast cancer in 2020 (6/7
[85.7%]) and seven (7/7 [100%]) of the patients with

breast cancer in 2019 had estrogen receptor-positive
cancers. Of these, two in 2020 (2/7 [28.5%]) and one
in 2019 (1/7 [14.2%]) received letrozole during stimu-
lation cycles as per prior clinic protocol.

Fourteen (66.7%) cycles were performed despite
unknown COVID status before initiation of routine
SARS-CoV-2 NAT testing in April 2020, and the
remaining eight (33.3%) cycles were COVID-19 nega-
tive before the cycle initiation. One patient’s first
cycle was cancelled due to symptomatic COVID-19
after routine testing was implemented, but the patient
was able to complete a subsequent cycle after recovery
with a negative SARS-CoV-2 NAT test. No patients
contracted SARS-CoV-2 during FP treatment.

Cycle characteristics and outcomes are shown in
Table 2. More embryo freezing cycles were initiated
in 2020 than in 2019 (11/24 [45.8%] vs. 1/19 [5.2%],
p < 0.005). All cycles underwent random start in 2020,
and 16 (84.2%) underwent random start in 2019 ( p =
0.08). Patients undergoing COH during the first wave
of COVID-19 in 2020 had significantly fewer total mon-
itoring visits (5 – 1 vs. 6 – 1, p = 0.02), but with similar
total number of days of ovarian stimulation (11 – 1 vs.
11 – 2, p > 0.05). The total dose of gonadotropins was
higher in cycles from 2020 versus 2019 (4770 – 1480
IU vs. 3846 – 1438 IU, p = 0.04), but the maximum

Table 1. Patient Characteristics in 2020 Versus 2019

2020
(n = 24 cycles,
21 patients)

2019
(n = 19 cycles,
19 patients) p

Age 30 – 7 28 – 7 0.3
AMH 2.9 – 2.0 4.2 – 3.1 0.19
Body mass index 30.3 – 8.1 27.5 – 6.8 0.24
Diagnosis 0.73

Breast cancer 7 (29.1%) 7 (36.8%) —
Leukemia 6 (25.0%) 7 (36.8%) —
Lymphoma 4 (16.7%) 2 (10.5%) —
Brain tumor 3 (12.5%) 3 (15.8%) —
Lupus 2 (8.3%) 1 (5.3%) —
Gender dysphoria 1 (4.2%) 1 (5.3%) —
Other malignancy 0 (0%) 2 (10.5%) —
Other condition 1 (4.2%) 2 (10.5%) —

Values are expressed as mean – standard deviation and percentages
are represented in parentheses where appropriate.

AMH, anti-Mullerian hormone.

Table 2. Comparison of Controlled Ovarian
Hyperstimulation Cycle Outcomes in 2020 Versus 2019

2020
(n = 24 cycles,
21 patients)

2019
(n = 19 cycles,
19 patients) p

No. of office monitoring visits* 5 – 1 6 – 1 0.02
Total days of ovarian

stimulation
11 – 1 11 – 2 0.92

Total random start cycles 24 (100%) 16 (84.2%) 0.08
Antral follicle count 14 – 10 15 – 9 0.45
Total dose of gonadotropins

(IU)*
4770 – 1480 3846 – 1438 0.04

Total days of antagonist use 6 – 1 5 – 1 0.2
Maximum serum estradiol

(pg/mL)
1667 + 935 1981 + 1089 0.25

Oocytes retrieved 19 – 14 22 – 12 0.57
MII oocytes retrieved 12 – 10 15 – 8 0.2
Oocyte cryopreservation cycles 13 (54.2%) 18 (94.7%) 0.005

MII oocytes vitrified 15 – 12 17 – 9 0.51
Total oocytes vitrified 19 – 15 21 – 10 0.7

Embryo cryopreservation cycles 11 1 0.005
Fertilization rate (2PN/MII) 0.86 – 0.14 0.5 —
2PN vitrified 1 – 2 0 —
Blasts vitrified 3 – 4 3 —

Values are expressed as mean – standard deviation and percentages
are represented in parentheses where appropriate. Statistical compari-
son was not performed for embryo cryopreservation cycles because
only one was completed in 2019.

2PN, 2 pronuclei embryo stage; MII, metaphase II.
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serum E2 levels were similar across cohorts (1667 +
935 pg/mL vs. 1981 + 1089 pg/mL, p > 0.05), and antag-
onist use was similar (6 + 1 days vs. 5 + 1 days, p > 0.05).

Notably, 11 cycles in 2020 (45.8%) started antagonist
injections on days without monitoring, compared with
4 in 2019 (21.1%, p > 0.05). Nine cycles in 2020 (37.5%)
utilized a ‘‘blind’’ oocyte maturation trigger without
bloodwork and ultrasound monitoring on the day of
trigger. No cycles used blind triggers in 2019. In 2020
and 2019, there was similar use of GnRH agonist trig-
gers alone (2/24 [8.3%] vs. 5/19 [26.3%], p > 0.05) and
hCG triggers alone (11/24 [45.8%] vs. 13/19 [68.4%],
p > 0.05), but there were significantly more dual
agonist/HCG triggers used in 2020 (11/24 [45.8%] vs.
1/19 [5.3%], p = 0.005).

Despite protocol modifications, there was no dif-
ference in the number of oocytes retrieved between
2020 and 2019 (19 – 14 vs. 22 – 12, p > 0.05). These
findings persisted when results were adjusted for age,
BMI, AMH, and antral follicle count ( p = 0.68). In
2020, only three cycles retrieved less than five oocytes,
and in 2019, two cycles retrieved less than five oocytes
( p > 0.05). There was no difference in the number of
mature oocytes retrieved (12 – 10 vs. 15 – 8, p > 0.05)
or the number of mature oocytes vitrified (15 – 12 vs.
17 – 9, p > 0.05).

Among those who cryopreserved embryos at the
blastocyst stage, there was no difference in the number
of blastocysts cryopreserved in 2020 versus 2019
(3.6 – 4.1 vs. 3), although only one embryo banking
cycle was completed in the 2019 cohort. Three
embryo cryopreservation cycles in 2020 froze at 2PN
stage, one of which was planned for 2PN cryopreserva-
tion for future possible preimplantation testing, and
the remaining eight cycles froze at the blastocyst stage.

The 2019 cycle embryo cryopreservation cycle froze
at blastocyst stage. Five embryo banking cycles in-
cluded PGT-A in 2020, with an average of 1.2 – 0.8 eu-
ploid embryos frozen. PGT-A was not performed for
the one embryo cryopreservation cycle in 2019. There
were no cases of ovarian hyperstimulation in 2020 or
2019. One patient in 2019 was admitted after FP for
management of tubo-ovarian abscess, and one patient
in 2020 was evaluated in the emergency department
for sickle cell-related pain crisis following FP.

Discussion
In our small retrospective cohort study examining FP
outcomes before and during the initial outbreak of
the COVID-19 pandemic, we saw more FP cycles dur-

ing the first wave of the COVID-19 pandemic than
during the same period in 2019, in part reflecting
absorption of patients from other centers unable to
continue care. Continuing urgent FP throughout the
pandemic required rapid modifications to our standard
practices to care for these vulnerable patients. Despite
modifications, there was no difference in cycle out-
comes between 2019 and 2020.

To mitigate risks to patients and staff during
COVID-19, we modified our protocols to minimize
in-person visits, leading to increased telehealth con-
sultations, significantly fewer monitoring visits, and
administration of antagonist and triggers on un-
monitored days, with one-third of patients triggered
‘‘blindly.’’ While our center decreased the number of
in-person encounters to reduce the risk of viral trans-
mission of SARS-CoV-2, outcomes for the 2020 cohort
were optimal and comparable to historical controls.

Given these more limited visits in 2020, however,
there were fewer opportunities for dose titration, which
may have led to higher total gonadotropin doses dur-
ing each cycle. Random start protocols, frequently
implemented in our center and represented in these
data, are standard practice in FP to minimize delays
in urgent gonadotoxic therapy and are associated with
higher total doses of gonadotropin use.4,9–11 Even with
higher gonadotropin dosing, more intensive monitoring
may not be indicated. Studies examining long-term
follow-up of patients with breast cancer suggest that
gonadotropin dosing does not affect disease-free sur-
vival, regardless of whether adjunctive medications
are used for estradiol suppression.9,12–15

While evidence supporting current monitoring
practices is limited,16 there is clear evidence that ran-
dom start protocols are particularly well suited for
streamlined monitoring and there is likely an impor-
tant role for minimizing visits overall for medically
compromised patients pursuing FP.

Patients undergoing urgent FP may be at a higher
risk of complications from COVID-19 and other expo-
sures given underlying malignancy or chronic condi-
tions. Their underlying diagnosis of cancer or other
acute condition requires numerous hospital visits,
and limiting the number of trips to a fertility clinic
will by definition increase the accessibility of this
care. While our study represents a small number of pa-
tients, and larger numbers of prospective data are
needed, our data add to the evidence that more limited
monitoring in COH can be implemented without com-
promising outcomes.17,18
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Although the COVID-19 pandemic may have fur-
ther limited short-term access to FP through closures
and delays in care, our findings highlight opportuni-
ties to make care more accessible long term. Telemedi-
cine visits helped limit in-person visits, making care
less burdensome for patients and widening the patient
base able to access FP. By limiting monitoring with ul-
trasound and blood tests, our study’s modifications
may also represent a means to make FP more cost-
effective for patients. More than 90% of patients iden-
tify cost as a major barrier to pursuing FP,19 and only
10 states currently mandate insurance coverage for
medically indicated FP.20

Prospective examinations of cost and outcomes in
reduced-monitoring settings are needed. However, to
our knowledge, no studies have examined cost effec-
tiveness of reduced monitoring in COH,16 and few
studies have examined cost-effectiveness strategies in
FP overall.21 The potential cost savings from minimiz-
ing in-person visits and laboratory expenditures may
be impacted by the increased use of gonadotropins,
as cost-effectiveness analyses of IVF protocols have sug-
gested that these drugs are a major driver of cost.22,23

Future studies are needed to examine the cost effective-
ness of minimized monitoring in COH.

Finally, significantly more patients pursued embryo
cryopreservation rather than oocyte cryopreservation
in 2020 compared with 2019 despite similar rates of
partnership in both cohorts. The decision to cryopreserve
embryos in lieu of oocytes may reflect a shift in reproduc-
tive decision making during the pandemic. A recent study
by the Guttmacher Institute suggested that >40% of
women have changed their reproductive life plans in re-
sponse to the pandemic.24 Higher rates of embryo freez-
ing in 2020 may reflect a COVID-driven shift in family
building goals, increased confidence in relationships,
or draw toward more established FP methods.

This study has several limitations, including its small
sample size located at a single institution and retro-
spective design, limiting the generalizability of our
findings. Importantly, our data are not the first to sug-
gest that limited monitoring can lead to optimal out-
comes. There is a need for further research to better
elucidate the appropriate amount of monitoring and
prospectively validate that decreased monitoring can
lead to equivalent outcomes.

Given the lasting impacts of COVID-19 and the
constant resurgences of new variants, many of our
protocols have remained in place. The risk of SARS-
CoV-2 infection for vulnerable populations is likely

to persist in the near future, and clinics must be pre-
pared to pivot and modify care for other urgent/
emergent indications.25 Despite the limitations of our
study, our findings provide a blueprint for how urgent
FP care may be adapted long term without compro-
mising outcomes.

The first wave of the COVID-19 pandemic led to
massive disruptions to medical care worldwide, including
an unprecedented ASRM-recommended suspension of
routine fertility care. Importantly, despite local and na-
tional restructuring of care to preserve resources and pro-
tect the community, the ASRM encouraged centers to
offer uninterrupted FP care for patients with cancer and
other fertility-threatening conditions. This emphasis on
the importance of FP despite the pandemic further high-
lights the essential and urgent nature of this care.
Although planned cancer therapy has continued through-
out the COVID-19 pandemic, cancer patients have been
noted to be at increased risk of morbidity from SARS-
CoV-2 infection.8,26 While our center was able to con-
tinue operations, others in our region could not.

The need to urgently absorb patients from neighbor-
ing centers highlights the importance of maintaining
regional referral networks in the event of emergencies,
to prevent interruptions in care. Given widespread
closures of fertility clinics in tandem with preexisting
barriers to care, COVID-19 has likely further limited
access to FP care.27,28 Despite this ongoing pandemic
and its widespread effects on medical care, FP must re-
main accessible and safe. Our small retrospective study
confirms the feasibility of urgent FP during the out-
break of the pandemic, and our results suggest ways
to minimize monitoring and streamline stimulation pro-
tocols in the future.

Authors’ Contributions
E.T. contributed to data analysis and article drafting.
E.B. contributed to data collection, data analysis, and
article editing. N.P. contributed to article drafting. J.E.,
and K.S. contributed to data collection. K.G. contributed
to data collection, data analysis, and article drafting.

Availability of Data and Material
The data generated and analyzed during the current
study are included in the published article.

Ethics Approval and Consent to Participate
Institutional Review Board approval was obtained for
this retrospective cohort study (STU 00212596). All
data have been anonymized.

Trawick, et al.; Women’s Health Report 2022, 3.1
http://online.liebertpub.com/doi/10.1089/whr.2021.0107

36



Author Disclosure Statement
No competing financial interests exist.

Funding Information
This work was supported in part by Friends of Prentice.

References
1. Cancer Facts & Figures 2018. American Cancer Society. 2018. https://www

.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/
cancer-facts-figures-2018.html Accessed September 10, 2018.

2. U.S. Cancer Statistics Data Visualizations Tool, based on 2019 submission
data (1999-2017). U.S. Department of Health and Human Services, Cen-
ters for Disease Control and Prevention, and National Cancer Institute.
U.S. Cancer Statistics Working Group. 2020. https://www.cdc.gov/cancer/
uscs/dataviz/index.htm Accessed April 4, 2021.

3. Flink DM, Sheeder J, Kondapalli LA. A review of the oncology patient’s
challenges for utilizing fertility preservation services. J Adolesc Young
Adult Oncol 2017;6:31–44.

4. Fertility preservation in patients undergoing gonadotoxic therapy or
gonadectomy: A committee opinion. Fertil Steril 2019;112:1022–1033.

5. Oktay K, Harvey BE, Partridge AH, et al. Fertility preservation in patients
with cancer: ASCO Clinical Practice Guideline Update. J Clin Oncol 2018;
36:1994–2001.

6. Coronavirus disease 2019 (COVID-19) Situation Report 51. World Health
Organization. 2020. https://www.who.int/docs/default-source/coronaviruse/
situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
Accessed March 28, 2020.

7. Patient Management and Clinical Recommendations During The Coro-
navirus (COVID-19) Pandemic. American Society for Reproductive Medi-
cine. 2020. https://www.asrm.org/news-and-publications/covid-19/
statements/patient-management-and-clinical-recommendations-during-
the-coronavirus-covid-19-pandemic. Accessed April 26, 2020.

8. Robilotti E V, Babady NE, Mead PA, et al. Determinants of COVID-19 dis-
ease severity in patients with cancer. Nat Med 2020;26:1218–1223.

9. Woodruff TK, Shah DK, Vitek WS. Textbook of oncofertility research and
practice: a multidisciplinary approach. Cham, Switzerland: Springer, 2019.

10. Cakmak H, Katz A, Cedars MI, Rosen MP. Effective method for emergency
fertility preservation: Random-start controlled ovarian stimulation. Fertil
Steril 2013;100:1673–1680.

11. Cakmak H, Rosen MP. Random-start ovarian stimulation in patients with
cancer. Curr Opin Obstet Gynecol 2015;27:215–221.

12. Azim AA, Costantini-Ferrando M, Oktay K. Safety of fertility preservation
by ovarian stimulation with letrozole and gonadotropins in patients with
breast cancer: A prospective controlled study. J Clin Oncol 2008;26:2630–
2635.

13. Lee S, Oktay K. Does higher starting dose of FSH stimulation with letrozole
improve fertility preservation outcomes in women with breast cancer?
Fertil Steril. Elsevier 2012;98:961–964.e1.

14. Kim J, Turan V, Oktay K. Long-term safety of letrozole and gonadotropin
stimulation for fertility preservation in women with breast cancer. J Clin
Endocrinol Metab 2016;101:1364–1371.

15. Moravek MB, Confino R, Lawson AK, et al. Predictors and outcomes in
breast cancer patients who did or did not pursue fertility preservation.
Breast Cancer Res Treat 2021;186:429–437.

16. Kwan I, Bhattacharya S, Kang A, Woolner A. Monitoring of stimulated
cycles in assisted reproduction (IVF and ICSI). Cochrane database Syst Rev
2014;2014:CD005289.

17. Hurst BS, Tucker KE, Schlaff WD. A minimally monitored assisted repro-
duction stimulation protocol reduces cost without compromising suc-
cess. Fertil Steril 2002;77:98–100.

18. Robertson I, Chmiel FP, Cheong Y. Streamlining follicular monitoring
during controlled ovarian stimulation: A data-driven approach to efficient
IVF care in the new era of social distancing. Hum Reprod 2021;36:99–106.

19. Niemasik EE, Letourneau JM, Katz A, Belkora J, Cedars M, Rosen M. It
comes down to money: Why women decide not to undergo fertility
preservation. Fertil Steril 2012;98:S122–S123.

20. State Legislation. Alliance for Fertility Preservation. 2019. https://www
.allianceforfertilitypreservation.org/advocacy/state-legislation Accessed
April 12, 2021.

21. Lyttle Schumacher B, Grover N, Mesen T, Steiner A, Mersereau J. Modeling
of live-birth rates and cost-effectiveness of oocyte cryopreservation for
cancer patients prior to high- and low-risk gonadotoxic chemotherapy.
Hum Reprod 2017;32:2049–2055.

22. van Tilborg TC, Torrance HL, Oudshoorn SC, et al. Individualized versus
standard FSH dosing in women starting IVF/ICSI: An RCT. Part 1: The
predicted poor responder. Hum Reprod 2017;32:2496–2505.

23. Teoh PJ, Maheshwari A. Low-cost in vitro fertilization: Current insights.
Int J Womens Health 2014;6:817–827.

24. Lindberg L, VandeVusse A, Mueller J, Kirstein M. Early Impacts of the
COVID-19 Pandemic: Findings from the 2020 Guttmacher Survey of
Reproductive Health Experiences. New York, 2020. https://www
.guttmacher.org/report/early-impacts-covid-19-pandemic-findings-2020-gut
tmacher-survey-reproductive-health Accessed March 1, 2021.

25. Recommendations for development of an emergency plan for in vitro
fertilization programs: A committee opinion. Fertil Steril 2016;105:
e11–e13.

26. ASCO Special Report: A Guide to Cancer Care Delivery During the COVID-
19 Pandemic. 2020. American Society of Clinical Oncology. https://www
.asco.org/sites/new-www.asco.org/files/content-files/2020-ASCO-Guide-
Cancer-COVID19.pdf Accessed March 20, 2021.

27. Letourneau JM, Ebbel EE, Katz PP, et al. Pretreatment fertility counseling
and fertility preservation improve quality of life in reproductive age
women with cancer. Cancer 2012;118:1710–1717.

28. Vermeulen N, Ata B, Gianaroli L, et al. A picture of medically assisted
reproduction activities during the COVID-19 pandemic in Europe.
Hum Reprod Open 2020;e2020:hoaa035.

Cite this article as: Trawick E, Babayev E, Potapragada N, Elvikis J,
Smith K, Goldman KN (2022) Fertility preservation during the COVID-
19 pandemic: modified but uncompromised, Women’s Health Report
3:1, 31–37, DOI: 10.1089/whr.2021.0107.

Abbreviations Used
2PN ¼ two pronuclei

AMH ¼ anti-Mullerian hormone
ASCO ¼ American Society of Clinical Oncology
ASRM ¼ American Society for Reproductive Medicine

BMI ¼ body mass index
COH ¼ controlled ovarian hyperstimulation

E2 ¼ estradiol
FP ¼ fertility preservation

FSH ¼ follicle-stimulating hormone
hCG ¼ human chorionic gonadotropin

PGT-A ¼ preimplantation genetic testing for aneuploidy
PGT-M ¼ preimplantation genetic testing for monogenic diseases

PPE ¼ personal protective equipment
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